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Desciipiton 

The inv^on relates to a process for the preparation of enatriiometically ^tuiched or 
enantiomedcally pure (S)- or (itHV'-inonosabstituted p-amino alcohols of formula 

and ^antiomos 

10. and Ifaeir addition salts of proton acids which can be obtained by asymmetric hydrogenation 
of p*amino k^ones of formula 

ir 



15 




and their addition salts of proton adds* 



//-Monosubstituted p-amino alcohols of fotmula I like (5)<-)-3-iSr"mefhyiamino- 
l-(2«1iiiOTiylH-propanol CC (X = S, R« meti^d)) are useful key intermediates and building 
20 blocks for the preparation of pharmaceolically active compounds like (5)-(+)-metiLyI- 
£3-(l-naph&yloxy)-3-(2-tMenyl)-propyl]-ai^ ((5)-duloxetine, see e.g. Liu, et al., 
Chiraltty 2000, 12^ 26-29), which acts as neuro-active compound strosigly inhibiting the 
serotonine and norephedrine uptake (Deeter, J. et aL, Tetrahedron Lett 1990, 5i, 7101-7104). 



HO 





25 



30 




I (X=S,R- methyl) 

SP.A-457SS9 and ]^>A-6S096S disclose the prqpaiation ofN^N-dSmsidsyl ^-ammo alcohols 



01/09 2003 MON 17:05 FAX 0041 61 316 83 LUIVZA AG 



(glO08/022| 
008 01.09,2003 17:04:1 



via Maxmicb-type reacfions of methyl ketones "with paiaformaldehyde and dimethylaniine 
followed by reduction of the carbonyl groi^. Affc^ reaction of the hydroxy! group affording 
an alkyl or aryl e&er derivative, one iV^mefhyl radical is removed to obtEdn JV^-^mono- 
substituted conopounds* 

5 

In WOA~03/062219, JP-A-2003-192681 mdSoxbeniL. A. cIbL (Drug Futtire 2000^ 25, 
907-1^ several strategies for syndieses of duloxetine are presented, v^ch were published 
during the last years* A common synfliesis principle in processes mentioned therein is the 
fonnation of the hydroxy group via hydrogenation of a carbonyl group. There are two main 
10 strategies for tibie preparation of the chiral alcohols or derivatives thereof* 

The first one utilizes chiral resolution of racemic alcohols resulting from achiral hydro- 
genation of the corresponding iV',iV'-diaIkyl<*p-a]3aino ketones* 

The second route is asymmetric hydrog^iation of i\r^-dialkyl-p-amino ketones using either 
chiral metal-ligand conaqplexes or achiral complexes togeth^ with optically active auxiliaries 
15 as hydrogenation catalysts. 

A cormnon feature is the consequent use of amino-protective groups which wete removed as 
one of the last steps before the final active comypound is obtained. Preferably, methyl and 
boozyl groiqps were used to protect Ibe amino group* 



20 



25 



In EP-A-1254885, asymmetric hydro^adon of several i\r,2\r*disubstrtufed a*-, and 
y-amino ketones in tiie presence of catalyst systems consisting of rutbenium-j^sphine-- 
complexes is disclosed. The catalyst system comprises bidentate amino md bidentate 
phosphine ligands complexing the Ruthenium (Ru) ion. 

Asynametric hydrogenation of said amino ketones cojataining at least one -CH2-MEl?R^ group 
-v^erein R^ is acyl or alkoxycarbonyl and wherein is hydro^n is disclosed on page 4, line 
14S, Tbie particular combinations wherein R^ is hydrogen and wherein R^is alleyl^ cycloalkyl, 
aryl or aralkyl are not disclosed. 



In a known process for the preparation of an optically active precursor of (^-duloxetine, a 
30 catalyst system for asymmetric hydrogenation of 3-iV'-dimethylamino-H2--thienyl)- 

1-propanone is disclosed in Ohkuma, T. et al* {Org. Lett. 2000, 2, 1749-1 751). In spite of 
several examples for i\^i\r-di substituted p-amino ketones, asymmetric hydrogenation of 
iV^monosubstituted p-amino ketones is not disclosed. 
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* Sakuraba S« et aL (Ckent PhatnL Btdl 1995» ^5, 748-753) discloses direct asjmmetiic hydxo* 
£enatioa of B^iV'-mediylaixuno-l-phenyl-l-propa^^ resulting in an enantiomeric excess of 
< 80 A process for asymmetxic hydrogenation and subsequent debenzyladon of amino 
5 jketones containing a benzyl protective group is the main feature, presented in scheme 2. 
Hydcogenadon of amino ketones containxAg heteroaromatic residues is not disclosed. 

A fiirther process tot both selective and asymmetric hydrog^oadon of amino ketones is 
disclosed m WO^A--()2/055477. A centml nitrogen atom forms a a- and a P-ammo ketone 
10 moiety ^wiffain the same molecule. The nitrogen atom is furihet substituted by a znethyl groTq> 
andnoN-H group is present. 

All known processes used in synthesizing precursors of pharmaceutically active compounds 
like (5)-duloxedne by hydrogenation of anouno ketones are characterized in that the amino 
1 5 groups don't contain active hydrogen atoms. 

Preparation of iV^monosubstituted p-keto amines of formida n and asymmetric hydrog^natioa 
of the carbonyl group establi^es an alternative and economically advantageous synthetic 
route for industrial production of optically active derivatives of JNT-morxosubstituted P-amino 
20 alcohols of formula I, like (iS)-duloxetine. 

KacCTUc mixtures of the enantiomers of conipounds of formula 1, can be prepared according 
to the method descnbed in International Application No. PCT/BP03/0741 1. Presently, the 
main drawback is that the corresponding alcohols are available as racemic mixtures only. No 
25 mefliod is disclosed for an efiScient enantioselective reduction process of iVrmomsubstituted 
P*keto amines. 

In liie following the terms *^-amino ketones^ and '^P-amino alcohols^ more specijScally 
^^(jS)'»iVHCXionosub$titated P-amino alcohols'^, inchide the pure compounds and their 
30 physiologically acceptable addition salts of proton acids. 

Hie term ^^enantiomerically enriched compound^ comprises optically active compounds with 
an enaixdomeric excess (ee) of at least 70 %. 
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The term "^enantiomerically pure compound'' comprises optically active compoxmds -m&k an 
eaantiomeiic excess of at least 90 %. 

5 Hie teem '"^i^-alkyr tepres^ts a linear or branched alkyl group having 1 to 6 carbon afoms^ 
for example meflbyl, ethyl> propyl, isopropyl, n-butyl, isobidyl^ .sec-butyl, tert-butyU pentyl 
andhesyi. 

The tain **C3~8-cycloalkyl'' represents a cycloaliphatic group having 3 to 8 caibon atoms, Le. 
10 cjrclopropyl, cyclobulyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyL 

The term "aryF* represents an optionally substituted aromatic group, preferably phenyl or 
naphthyl, wherein the substituents optionally being fiirtiher substituted with one or notore 
Ci^-alkyl groups and/or halog» atoms. 



15 



20 



Tlxe term "^aranc^l" represents an optiondly further substituted aiyl moiety consisting of 
phrayl or naphfh;^ bound to die molecule in question via a linear Q^alkyl moiety which can 
be further substituted by halog^ atoms* The substituents of the aryl moiety can be one or 
more Ci^-alkyl gtoups and/or halogen atoxns. 



The technical problem to be solved by the present invention was to provide a sdective and 
iugb-yield process for the asymmetric hy(hx>g^ation of iV^-monosubstituted p-ketoamines to 
get eoantiomerically enriched or enantiomerically pure {Sy or (fi^iV'-monosubstituted 
25 P-anuno alcohols without using protective groups for the secondary amino group. 

Anothi^ target of the present inv^tion was to provide i^THtnonosubstxtuted p-amino alcohols. 



30 The pmblems mentioned above could be solved accordmg to the process of claim L 



iJii 



'I 
1$ 
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Iliepreseot inveaitioiixmyvides a process for Ihn pre|>arationof dbiral cocaqpouads of foimula 

„5. HpA^-^ ' . 

and ^anfiomeis 

whejc^n X xqpresetits S or O, and R lepiesents Ci^-alkyl, Cs-grcycloalkyl, aiyl or exsHkyl, each 
atyl or aialkyl being optionally fiirther substituted vdtfa one or more Ci^-sSkyl groups and/or 
halogen atoms, 
. 10 wUch process compnses the asyxxmietdcfay^ 




wh^n X and R ate as defined above, 

in fhe presence of a transition metal complex of a chiral bidentate phosphine ligand 
and, optionally, a base. 

20 In a pxefbcred embodiment the chiral bidentate phosphine ligand is a compound of formula 



25 




30 and enaattomers 

wherein R^ and R"^ are methyl, ethyl or isopropyl; and whereinR"* and R^ are hydrogen or 
R"* and R^ together form a isopropylidenedioxy group. 

Particularly preferred R^ and R^ are methyl ethyl or isopropyl and and R^ are hydroges:^ or 
R^ and R^ are methyl and 1^ and R^ together form a isopropylidenedioxy group. 



01/09 2003 MON 17:08 KAA 0041 bx ;jJ.o «•> isn lmvii^ aw 



l^UlZ/UiSiJ 

012 01.09.2003 17:07: 



6 

Ligands of &e family of DuPhos-Ii^ds of formula III wherein is xnelhyl, ^yl or 
isopropyl and wherein R'* and R^ are hydrog^ are sold by Chirotech Tedmology Ltd. 

Ligands of the &nnly of KetalPhos-ligands of formula III whexdn R^ is methyl and v4xerein 
.. .,5 . .. -R* and R^ together form a isopropylidenedioxy grotp are available from Chiral Quest, Mc. 

Preferably the transition metal is Ruthenium (Ru) or Rhodium (Rh). Particularly preferred the 
transition metal is Rbu 

10 In a further pr^ecred embodiment Ihe chiral Mdentate phosphine ligand is a compound of 
formula 



15 




* \^»einR^andR^aiemefho3cy^oretkoxy orv4ierduiR^an^ togefh^forma 
1^-propylidenedioxy or a l»4-bulylidenedioxy groiq>. 

20 

Particularly prej^rred the chiral bidentate phosphine ligand is selected Sx>m the group 
consisting of (S,S)- or (R^ii>Me-DuPhos, (55)- or (jR,jR)-K-DuPh08, (S^S,&Sy or 
(i?, J^i?,it)-Me-KetalPhos^ (S)- or (Je)-<:4-TunaPhos and QSy or (if)-MeOBiPhep. 
More particularly preferred the chiial bidwtate phosphine ligand is selected from tiie group 
25 conasting of CSS)"Me-DuPhos, CSiiS)-Bt-DuPhos, (S5«S;iS)-'Me^KetalPhos, (S)-C4-TunaPhos 
arid (5)-MeOBiPhep of the foflowing formulae 



30' 




(S5)-Me-DttPhos (iS,5)-Et-DuPhos, 
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(S>MeOBiPh€p. 



20 The catalyst precutsor complex optionally compiises at least one furth^ stabilizing li^d 
such as a diene, silkme or arene. In a preferred embodiment the stabilisong ligandis 
1 ^-cyclooctadiene (cod) or p-cymeae (cym). Particulady preferred flie stabilizing ligand is 
t^-cyclooctadiene. 

25 The bydrogenation is carried out ^th a catalyst solution in a polar solvent Preferably the 

polar solvit is methanol, etfaanol or isopropyl alcohol or a mixture thereof. The soludon may 
contain fbrther additives Uke ethyl acetoacetate (AAEt). 

The catalyst soludon can be prepared in situ by dissolving atransition metal salt MY, v/hs^ 
30 M is Ru or Rh and where Y is CH BFA AsPf, SbF^ or OTf (trifluonnethansuijfonate or 
tri£iate)» or anofh^ suitable counterion» in a polar solvit mi nuxing wxtba suitable amount 
of the chiral ligand, optionally further mixed with tihie stabilLring li^nd. Alt^cxiatively, the 
catalyst solution can be obtained by dissolving aprefoxmed chixal transition metal-lig^nd 
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complex in apolar solveiit and optionally nidbdng vdth futth^ stabilizing ligands. 
Furfib^ncnoxe^ Hie catalyst solution can be obtained by dissolving a pirefonned chiial transition 
metal-ligand complex which abeady contains further stabilizing ligands. 

5. Itt a preferred embodiment the catalyst is prepared by xnixing a catalyst precursor complex of 

the formulae [Rh(co<Q2r BF^"" or [RuzCaUCcym)^ witihi a chiral bidentate phosphine selected 
from Ihe group consisting of Me-DuPhos, Et-DuPhos and Me-KetalPhos • More preferably 
the chiral bidentate phosphine is selected from the groiqp consisting of (5,iS)-Me-DuPhos, 
CSS)-Et-DuPhos and (SS5;iS>Me-KetalPhos. 
10 Preferably the metal salt MY or the catalyst precursor complex is mixed with the chiral 

bidentate phospWne at a ratio of 1:5 to 5:L More preferably the precursor/phosphine ratio is 
in the range of 1 ^ to 2: L Most preferably the precursor/phosphine ratio is 1 ! 1 . 

In a particular embodiment the coxmterion of the traixsition metal salt, tiie catalytic precursor 
15 complex and the transition metal coniplex of a chiral bidentate phosphine li^nd is Cr or 
BF4-. 

Optionally the hydrogenation solution may contain a base to j&dlitate forming of the 
substrate-catalyst complex and to neutralize adds which may be part of "Sie starting 
20 compounds. M a preferred embodiment the base is a hydroxide^ methanolate or ethanolate of 
IftbrntYi, sodium or potassium or a mixture of said bases. 

Preferably the base added is in an amount of 0.6 to 1 .2 eq to the amount of the starting 
compounds. More preferably the amount ofthe base added is in the range of 0.7 to I.O eq. 
The base can be added to the catalyst solution before during or after the addition ofthe 
25 starting con^unds. [t can be added at once» in a coiatinuoxis maimer or in separate portio^^ 

In a preferred embodiment the hydrogen pressure during the reaction is in the range of 1 
to 60 bar and more particularly pref^ed in the xeojigo of 10 to 30 bar. 

30 The hydrogenation can be carried out at atemperature in the range of 20 to 80 ^C. Preferably 
the temperature is in the range of 30 to 50 X. 



015 01.09-2003 17:09:0 



9 

Tbe present inveation also provides compounds of fonnula 




I 



and thdr addition salts of proton acids^ wherein X is S or O and R represnts Ci^-alkyl, 
. Cs^cycloalk^, phenyl or benzyl with the exception of a compound wherein X is S and R is 
metlQrL hi a preferred embodiment phenyl or beni^l can be independently further substituted 
10 with Ci-4ralkyl or halogen atoms« 

The preset invention is illustrated by the following non-limiting examples. 

15 General Procedure for Examples 1 to 6; 

A mixture of methyl ketone primary alkylamine and/or an addition salt thereof 
(1.1 to 1 .5 equivaleanEte (eq)), jfoiraaldehyde (1.4 to 1.5 eq), a solvent, optionally in the 
presence of a proton acid» is heated in an autoclave at a total {»:essure above 1 S bar jS>r 5 to 24 
hours. Afterwards, the reaction solution is cooled to 20 ^'C. Optionally the reaction solvent 

20 can than be removed partly or in whole and a solvent like e&yl acetate or isopropanol can be 
added under vigorous stirring, if necessary to &cilitate precipitation of the product. The 
suspension is cooled (0 to 20 °C) and after precipitation (0«5 to 1 0 hours) the x»coduct can be 
filtrated, optionally washed and dried affording a sUghtiy yellow to vAat& powd^in yields 
between 50 to 75 %. The product can be xectystallized from isopn^anol and/or etibtyl acetate 

25 if necessary. If the stability of Ihe free base is sufiScient at ambient conditions, extracting with 
an organic solvent and an aqueous base affords the free base. 

Example 1: 

3-0^^etfcylamino)-H^ ' HCl CDt X S, R= methyl) 

30 2-Acetylthiophene (25.5 g, 200 mmol); methylamine hydrochloride (14.9 g, 220 mmol, 
1.1 eq); paraformaldehyde (8.2 & 280 mmol, 1.4 eq); HCl cone. (1.0 g); ethanol (100 mL); 
110 ®C for 9 hours; ca. 2 to 2.5 bar; removing of ethanol (50 mL) in vacuo; addition of efliyl 
acetate (200 mL); ca. 71 % yield. 
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^H-ISIMR 8 pMS0-d6, 400 MHz): 9.16 (2 H, s, br), 8.07 (1 H, dd, 5.0, LO), 8.01 (I H, dd, 
J= 3.8, LO), 7.29 (1 H, dd, </= 5.0, 3.8), 3.49 (2 H, t), 3.20 (2 H, t), 2.56 (3 H, s); "C-NMR 5 
(DMSCMft 100 MHz): 189.9, 142.7, 135.4, 133.8, 128.8, 43.1, 34.6, 32.4. 



3-(M!tihyldsx^^ • HCl (II, X == S, R ^ methyl) 

2-Acelylfhiophene (24.9 g, 197 mmol); meHiylamifie hydrochloride (14.8 g, 219 xnmol, 
1.1 eq); paraformaldehyde (8.3 g, 276 mmol, 1.4 eq); HCl cone. (1.1 g); isopropanol 
(100 mL); 1 10 for 8 hours; ca. 2 to 2.5 bar; addition of isopropanol (50 mL); ca. 65 % 
10 yield. 



Examples: 

3-0Btibiylamino>l-(thiopheai-2-yl)propan--l-one - HCl (H, X= S, R = ethyl) 

2- Acetyltfaiophene (63 g, 50 mmol); elfaylamine hydrochloride (6.1 g, 75 mmol, 1.5 eq); 

15 parafimnald^de (2.1 g, 75.mmol, 1.5 eq); HCl cone. (03 a); ethanol (35 mL); 110 **C for 9 
hoiirs; ca. 2 to 2.5 bar; removing of ethanol (25 mL) in vacuo; addition of ethyl acetate 
(50mL);ca.73%yield. 

*H-NMR 5 (DMSO-d^f, 400 MHz) : 9.3 (2 H, s, hr), 8.08 (1 H, dd), 8.00 (1 H, dd), 7.28 (1 H, 
dd), 3.5 1 (2 H, t), 3.20 (2 H, t), 2.96 (2 H, q), 1 .23 (3 H, t). 

20 

Example 4: 

3- (Isobutylaiiiino)-l-<thiophen-2-yl)prop * HCl (H, X== S, R«isobutj^ 
2'*Acetyl1faiophene (6.3 g, 50 nmiol); isobulylanime hydrochloride (8.3 g, 75 mmol, 1.5 eq); 
paraformaldedbiyde (2.1 g, 75 mmol, 1.5 eq); HCl cone. (03 g); ethanol (35 mL); 110 **C for 9 

25 hours; ca. 2 to 2.5 bai? removing of ethanol (35 mL) in vacuo; addition of ethyl achate 
(50mL);ca.56%yield. 

^H-NMR S (DMSO^, 400 MHz) : 9.0 (2 H, s, br), 8.08 (1 H, dd), 7.99 (1 H, dd), 7.29 (1 H, 
dd), 3.55 (2 H, t), 3.22 (2 H, t), 2.78 G2 H, d), 2.03 (1 H, m), 0.96 (6 H, d). 

30 Example 5: 

3-(^er^ BnfylanMno)-l-(thiophen-2-yI)propan-lK>ne • HCl (II, X =^ S, R =: tertAmtyl) 
2-Acet5dthiophene (63 g, 50 namol); ^^-bulylamine hydrochloride (8.3 g, 75 mmol, 1.5 eq); 
paraformaldehyde 0^.1 g, 75 mmol, 1.5 eq); HCl cone. (03 g); butanol (35 mL); 1 17 °C for 9 
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horns; c£L 2 to 2^ bar; addition of efhyl acetate (50 mL); ca. 52 % yield, 

^H-NMR S (DMS0-d6, 400 MHz) : 9.2 (2 H, s, brX 8-08 (1 H, dd), 7-98 (1 H. dd), 730 (1 H, 

dd), 3.54 (2H,t), 3.19(2 H, t), 134 ^H, s)- 

—5- — Example 6r 

3-^ethylammo>l-(&ran-2-yl)i^^ • HCl (H X = O, R = methyl) 

2-Aceiylfuraii (7.5 g, 68 zmnol); medjylamhie hydrodblodde (6,9 g, 102 mmol» 1.5 eq); 
paraformaldehyde (3,1 g, 102 mmol, 1.5 eq); HCI cone. (1.15 g); ethanol (35 mL); 110 **C for 
8 hours; ca. 2 to 2.5 bar; r^ovuig of eflianol (30 mL) in vacuo; addition of ethyl acetate (50 
10 mL);ca. 64% yield. 

^H-NMR 5 (DMSa<l6, 400 MHz) : 9.0 (2 H, br), 8.05 (1 H, m), 733 (1 H, m), 6.77 (I H, 
m), 334 (2 H, t), 3.2 (2 H, m), 2.57 (3 H, s, br). 

Gmeral Proceduire for Examples 7 to 16: 

15 (5)-3-i\r-MethylaiiadiK)-H2-1hiet3yl^^^ (I, X=-S. R= methyl) 

Hydrogenations were zon in a Chemscan-Screemng equipment (10 mL scale, ttp to 8 reactions 
per time) testing combinations of caUdyst precursors (0.02 mmol) with chiral phosphine 
ligmids (O.OfZ mmol). All reactions were run wSh 0.4g 3-(methylamino)<*l-(tfaiophen- 
2-yl)propaa-l -one • HQ (P, X = == mefliyl) 90% in 6 mL MeOH at 3 0 bar H2 for at least 

20 24 h using a substrate to catalyst ratio (S/C ratio) of 1 00. Because of the HCl cont^t in tiie 
starting compound 0.36 g of 24% (approx 0.8 eq of the ketone) or 30% NaOMe (approx 1.0 
eq of the ketone) solutions were added. The reactions werexun at temperatures between 30 
and 70^ C. The products were analyzed by HPLC area-% for conversion and by HPLC for ee. 
Conditions and results are summarized in table 1 below. 

25 

Example 17: (iS>-3-N-mefliyiamino-l-<2-thi«i^^ ft X - S, R = methylO 

In order to confirm tiie excellCTt analytical results of example 13, this experiment was scaled 
up to a 50 mL autoclave with following conditions. 22 mg (S,S>'Me-I>uPhos (0.07 mmol) and 
28 mg [Rh(cod)2]'*' BF4' (0.07 mmol) were dissolved under argon in 12 mL degassed 
30 methanol and added to a solution of L60 g 3-(methylamino)-l<thiophen-2-yl)propan- 
1-one * HCl (7.8 mmol) in 12 mL methanol in a stainless steel autoclave. To this solution 
were added 1 .44 g NaOMe 24% (6.4 mmol). Ihe substrate was hydrogenated at 30-34''C and 
3 0 bar hydrogen for 5 h. The product soli^on was filtered, tiie filtrate evirated and the 
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residue dissolved in MTBE/water. The organic phase was evaporated to give 0.89 g 
(iS)"3-N-methylanaino-l-(2-thienyl)-l--piopauol (5.2 mniol^ 67% yield). According to chiial 
HPLC ee of the product is > 99%. 
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(5r^-Me-DuPhos 


036 g A 


50 


>99 


15.2 


14 


Rh(cod)2BF4 


OS'yS)-Me-DuPhos 


036 gB 


30 


>99 


713 


15 


Rh(cod)2BF4 


Oy^Me-DuPhos 


036 gB 
OJ23gC 


30 


>99 


30.5 


16 


Rh(cod)2BF4 


(S,5;5,iS)-Me-K:etalPhos 


036 gB 


30 


>99 


79.8 


17 


Rh(cod)2BF4 


(5;5>Me-I>uPhos 


1.44 gB 


30-34 


>99 


67.0 



Additives: A«NaOMe 30%, B«NaOMe 24%, OAAEt 
Positive ee denotes excess of the OSy-enantiomer, negative ee denotes excess of the (jR^^enantiomer 
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Claims 



I. Process for &e preparation of cfairal coxxipDimds of formula 



5 




I 




-R 



HO 



andenandomers 



^ereia X represOTts S or O, and R represents Cj-^-alkyl, Cs^-cycloalkyl, axyl or aralkyl, each 
1 0 aryl or aralkyl being optionally further substituted wilh one or more Gi^-alkyl groups and/or 
halogen atoms» 

vMxAi process comprises the asymmetric hydrogenation of compounds of formtda 



wherein X and R are as delBned above, 

in the presence of a transition metal complex of a chiral bidentate phosphine li^and 
20 and^ optionally^ a base. 

2« The process of claim 1 ATvhscein the chiral bidentate phosphine ligand is a compound of 
formula 



15 




25 



30 




and eoantiomers 
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' whefeia and ate methyl, efliyl or isopropyl; and wherein R* and R^ are hydrogen or 
R^ and R^ together fonn a isopropylidenedioxy groiip* 

3. The process of claim 1» wherein the chiral bidentate phosphine ligond is a compound of 
■5 formula* — - • - - • *— 



10 




wherein R^ and R^ are methoxy or ethoxy or wherein R^ and R^ togedier form a 
IjS-propyKdenedioxy or a l,4-but)didenedio:^ gcoiq>. 

15 

4. Hie process of claim 1» wherein tbe chiral hid^tate phosphine li^nd is selected from the 
group consisting of (5S)-Me-DuPhos, (iSiS)-Et-DuPhos^ CS5,iS5)-Me-KetalPhos and 
(5)-C>^TunaPhos. 

20 5. The process of any one of claims 1 to 4, wherein tiie transition metal is Rn or Rh. 

6. Tlieproce^ of any one of claims 1 to S> wherein ihetrandtion metal comply of achital 
bidentate phosphine ligand conqpdses at least one diene^ alkene or ar^oe as stabilizing ligand. 

25 7. The process of claim 6> whereia the transition metal complex of a chiral bidentate 

phosphine ligand comprises at least one stabilizing lig^d selected fixmi the group consisting 
of 1^-cyclooctadiene and p-cymene. 

8. The process of any one of claims 1 to 7, wherein Ihe coxmterion of the transition metal 
30 complex of a chiral bidentate phosphine ligand is selected from the groiq) consisting of Cl% 
BFr, AsF6", SbF^*^ and triflate. 

9- The process of any one of claims 1 to 8, wherdn flie catalyst is prepared by mixing a 
transition metal complex of the £>nnula. [Rh(cod)2]'*BF4* with a chiral bidentate phosphine 
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15 

selected fiom the groiq> condstii]^ of (SiS)«Me-DuPhoi^ (iS;S)rBM}uPhos and (3,8,8,8)'^^ 
KetalPhos. 

. 10. The process of any one of claims 1 to 9, wheieialbe base is a hydroxide, medianolate or 
S — e&anolate of Ufbiuxn, sodium or potassium or a mixture of said bases. 

11. The process of any of claims 1 to 10» wlieiem the hydrogen pressuie during 
in^e range of 1 to 60 bar and more particularly pxeferredin 1h& range of 10 to 30 bar. 

10 12. Compounds of formula 



15 




I 



and enantiom^ 



and its addition salts of proton acids, wherein X is S or O and R represents and their addition 
salts of proton acids, X represents S or O, and R represent Ci^-alkyl, Cs-g-cycloalkyl, phenyl, 
or b^Qzyl with the exception of conq^Kamds wherein X is S and R is methyl. 



20 
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Abstract 

Hie invention xelates to a process for tite pteparadon of enaixBomencally exiriched or 
«iaiitiomericadly paxe (£)- or (i£>iV'Hmonosubstituted p-amino alcohols of fcmnula 

- - 5 




I 



10 and enantiomers 

aad fbear addition salts of jtroton arads, X repiresents S or O, and R represent Ci^-aliyl, 
Ca^-cycloaJIcyi, aryl or aralkyl. 
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Basel, September 1, 2002 
Dr. B. Gallasdb 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



U LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




